MENTAL WORK leads to regional cerebral blood flow (rCBF) increases in specific cortical areas considered to be functionally active during performance of the task.
By superimposing local metabolic activation, by means of a mental task, upon a globally increased cerebral circulation due to hypercapnia, the relationship between these 2 regulatory mechanisms was investigated in the present study. Two possible outcomes were considered: 1) An rCBF increase as a result of mental activation added to the hyperperfusion caused by hypercapnia, or 2) no further increase due to the already high CBF, the tissue being sufficiently supplied.
Another aim of the investigation was to define the lateralizing properties of visual-spatial problem solving (Raven's Matrices) and to test the reliability and reproducibility of the regional activation response.
Material and Methods Measurements of rCBF were made in 10 righthanded healthy male volunteers (mean age 26 ± 4 years) by the 1M Xe inhalation technique 11 as modified by Obrist.
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Xe inhalation system (Meditronic-Novo Diagnostic Systems, Denmark) enables simultaneous measurements of 16 homologous regions of both hemispheres by 32 scintillation detectors {y*" X ¥*" Nal (Tl) crystals; lead collimators 20 mm deep and 22.5 mm wide) placed in parallel at a right angle to the lateral surfaces of the head.
Xe mixed with air (2.5 mCi/1) was inhaled by the subjects through a tight-fitting mask and a rebreathing spirometer system for one min followed by 10 min of breathing air.
The first measurement in each subject was preceded by a 30 sec background registration, with a 5 min recording of remaining activity preceding each subsequent measurement ( fig. 1) . A separate detector continuously recorded radiation in a sample of expired air (via a catheter in the face mask). End tidal values were later used to correct for recirculation.
u An additional scintillation detector continuously monitored possible leakage of
Xe from the face mask. A window setting of the pulse-height analyzers was 65-95 KeV. Fourteen bit binary registers integrated counts during 5 sec epochs for the head detectors and during 0.3125 sec periods for the air curve detector. Peak count rates of approximately 500 cps were recorded for the head curves while 1500 cps were obtained for the end-tidal values of the air curve. Using computer programs developed by Obrist and Risberg, the paper tape punched data (Facit, Sweden) were later analyzed by an HP 9825-A desk top computer system, solving, among other variables, for f,, the flow of rapidly perfused grey matter compartment, and ISI (Initial Slope Index). 
Experimental Design
Each subject had 4 consecutive measurements consisting of counterbalanced rest and problem solving activation during both normal breathing and inhalation of 6% CO, mixed with air. The CO,-air mixture was administered for one min prior to the 1M Xe inhalation, discontinued for technical reasons during the one min isotope intake, and recommenced for an additional 8 min ( fig. 1) .
Before the experiment, each subject was informed in detail about the measurement procedure and the possible discomfort of CO, breathing. Each was instructed on the activation test and given at least 3 training items to exercise problem-solving strategy. Subjects were allowed to become accustomed to the experimental situation (breathing in a face mask, supine position with head immobilized by the detec- tors, etc.) for 5 min preceding the first measurement in an attempt to eliminate any anxiety. Each measurement was made only when the subject showed normal breathing as monitored by the capnograph. During the resting measurements (normal air breathing: R; and CO, inhalation: RCO a ), the subjects were asked to relax with eyes closed and covered. The mental activation (subsequently labelled A and ACO,) consisted of parallel versions of Ravens' Advanced Progressive Matrices which were presented via a slide projector on a screen suspended on the ceiling over the subject's head. This particular test was chosen because previous experience fig. 1 ) and was continued for the duration of the measurement. An answer (a number between 1-8) given orally via a microphone mounted in the face mask was immediately followed by a new slide which was projected for as long as the subject required.
Statistical Analysis
The main statistical methods were one-way analysis of variance, Pearson correlations and /-tests for related samples, constructed and programmed by one of the authors (I.P.) for a Hewlett-Packard 9825-A. All analyses were run for each variable (detector or hemispheric mean) across R, RCOi, A and ACO, measurements with a simple mixed effects model.
Results
A summary of the data for each of the 32 detectors, hemispheric mean (f x and ISI) and average Pco, level for the 4 measurements is given in the table. Detector localization is depicted in figure 2.
Resting Measurements
The resting flow landscape characterized by higher frontal and lower postcentral flows was evident during both R and RCO, (fig. 3 ). Mean Pco, increased significantly by 25%, mean hemispheric flow by 34%, and ISI by 14% (table; F = 6.743, p < 0.001).
The only significant difference in flow distribution between normo-and hypercapnia was located in a midrolandic region of both hemispheres (area 7; F = 2.867, p < 0.05). Inhalation of 6% CO, resulted FIGURE figure 4 . The CBF increases during hypercapnia were uniform among the subjects. Average breathing rate per min was 11.8 (± 2.44) and 12.5 (± 3.37) during normo-and hypercapnia respectively. 
Mental Activation Measurements

Discussion
The activation response to problem solving, consisting of significant posterior cerebral blood flow increases, 1 has been replicated. No significant frontal increases were observed during activation or activation and CO a , confirming earlier observations about the lack of specific frontal involvement in visual-spatial problem solving. The results suggest that Raven's Matrices may be clinically useful for determination of post central cerebral dysfunction.
The hemodynamic response to activation showed no hemispheric asymmetry ( fig. 5 ). Task components known to be lateralized are visual-spatial relationships (right hemisphere) and analytical (verbal) solutions of problems (left hemisphere). 17 It is thus likely that both hemispheres are involved to an equal extent in this complex task. The magnitude of activation response in flow units was shown to be fairly constant among highly variable resting flow levels: testing increased mean flows (f,) by 4.8 and 4.0 ml/lOOg/min in normo-and hypercapnia. This additive effect of hypercapnic vasodilation and mental activation indicates that the activation response within an individual -and probably also among individuals -can be compared with different resting flow levels. The validity of this reasoning holds as long as the flow differences are mainly caused by arterial PcOj differences or other predominantly vasoactive agents, and not because of differences in metabolic rates. In an earlier publication 1 we suggested that task performance in healthy brain tissue is associated with a typical flow level, and, consequently, CBF increases during testing will be inversely related to resting flow levels when they reflect different metabolic states. The present results show that the magnitude of flow increases (in absolute units) is constant across different resting levels when these differences are vascular in origin. The CBF reactivity to arterial Pco a changes showed, as expected, no significant regional differences. A Pco, increase of 10.55 mm Hg caused an U increase of 34% (25 ml/lOOg/min) during rest, i.e. a correction factor of 3.2% or 2.3 ml/mm Hg, which compared with what has been reported by other groups. 7 -1S During activation the correction factors were slightly lower: 2.9% and 2.3 ml/mm Hg. The corresponding corrections for ISI were considerably lower: 1.4% or 0.75 ml during rest and 1.3% or 0.75 during activation, demonstrating the limited sensitivity of this flow parameter in hyperemic situations. The difference between our rest and activation studies is in flow levels, and this creates different correction factors by percent but not by flow. To support this point, we have checked the inter-individual variance of correction factors during rest. For both f t and ISI, variance of percent corrections is more than twice as high as the variance of correction by ml/100 g/min. We suggest, thus, that the vasodilatory effect of Pco, is not dependent on baseline flow levels (at least within the range studied here), and, therefore, corrections should be made by flow units and not percentages.
The most important finding in the present study was that hypercapnia, while causing a large global CBF increase, did not affect the mental activation flow response. The fact that the comparatively small regional flow changes during testing are clearly detectable on top of the pronounced hyperemia induced by hypercapnia is a further evidence of the reliability of our rCBF technique. rCBF changes caused by mental work were very similar during normo-and hypercapnia ( fig. 5 ). This was confirmed by a 1-way-ANOVA comparing the differences in increases from rest to test during normo-and hypercapnia, resulting in a difference only in area 15 of the right hemisphere. The similarity of the activation responses suggests that hypercapnic and metabolic flow increases do not interact but are additive (at least in the Pco 2 range of 35 to 55 mm Hg).
The present findings raise the question of what causes the local hemodynamic response to mental work. In addition to producing hyperemia, hypercapnia also increases the arterial Po 2 level. 18 It is thus highly unlikely that activation-induced flow increases during hypercapnia are caused by any chemical changes related to lack of metabolic substrates. Animal studies have demonstrated a poor coupling between CBF and tissue pH where it was shown that during bicuculline-induced seizures, net tissue acidosis did not occur until well after maximal vasodilation. 
